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(54) INK JET HEAD AND PRODUCTION THEREOF 

(57) Abstract: 

PURPOSE: To execute a printing wherein a driving by a 
low voltage with a small size and a high density is 
possible and further a stable and high quality printing 
is possible. 

CONSTITUTION: There are arranged a nozzle opening 4 
discharging an ink liquid drop, a discharging room 5 in 
communication with the respective nozzle openings, a 
vibration plate 6 at a bottom wall of the discharging 
room, and an electrode 21 arranged in a opposing 
position against the vibration plate and driving the 
vibration plate by an electrostatic force and a gap 
length is caused to become 0.05-2. O^m between the 
vibration plate and the electrode by forming a recess 15 
for the vibration room or a recess 25 for mounting the 
electrode or a Si0 2 membrane and so on, on either face 
of, or both faces of a positive pole connecting face of 
a first substrate 1 forming the vibration plate and a 
second substrate 2 forming the electrode. 
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0. 5/imX^^>y-r-5>'i;(Cj:y_hizE© t fce)^^r J »s' 
y^GS^fSLTV^,, ZL©HSP2 5li^©p«3aptC* 
30 12 1, y - KfP2 2^t>*3S-7^P2 3 ?:iS«T*g<2> J:^ 
tcWKW^KWStKbfe^^^ftC^tc^C* - ym 
fiS;bTV^S„ m^g2 1 \tmU2 5WICITO$:0. 1a 

mx;^^u I TOW-yzj&f&-?z>z.£T:tfm 
U S ^ tcag^P 2 3 tC©^#>-r w > ^*©fe^©^$: 
*A°>y#L-O^ 0 $e 3 lC«^^-?^P2 3$:^>'N->ri/ 
7fXX;ty^I5:iIi:0. l^m%aELtfifM2 4 
i:LTV^4 0 @4T-l*^®2 4^a(Cig^tl 

t ^ m&iz litaap 2 5 ±©aMWpa A/^kmwc* 

40 ^«y^GttBMBj^«0. 4 Am, gfflRHNgGi «* 
0. 3 Mmi:4oT^S 0 

[0 0 5 2] *l©«gl©±lBtCg^S*l6« 
3©S^3(C{*, f$100^mOSUS»\ S 
=E3©®SP(C, ttffi^©H3Pl 2iligji"rsJ;e){C^ 
n^'ftJ XfrUA feKW, *^>f>^^r-Vtr5 1 'f ffl©D3 
gpi 4 fcaM-r*J:-5lC>f 3 1 5:IS:l7S. 

[0 0 5 3] 3^>^yi>yh^KlO^L 

r, 56i5[mi^ 1 0 2 tc«fc y 0 v^?, 100 vouvixm 
l±zmM2 1 {cTOaLfci:z:5, ^J£Mi tmmz&# 

50 ftff*ffi|6jW»&jrife. *sfe. ^-y^G^2. 3 m 




(7) 



m<p*j©Tl*«Wmffi* t 2 5 0VJgU:i:«ty» :/y># 

[00543 (mmms) muttimcmz&pmm 

EIT*^LT&£„ EI 8 \-m.A y$ i/x. v Y^v K©-aJ 

[0055] steteS6«T»tt. *fvv7-sm&mmi 

Si02 H41, A 2\Z£*mmi,t=.$b<DT:&Z>. -tte 

Z\tl<b(DS i0 2 14 1, 4 2l±=^y7°*^- 10 

(10 0) t'^M^^^^IAlffl^, 
©T®lCgf^5lC;ft^fS8P#£l&#S i0 2 BI4 1 

«2 (10 0) ©m££HS/ U n^x/Nfc 
J§V\ -e©_t®{C®I2 1 £fifc£S i 0 2 14 2 

i, 2£^Lf-££©=^>v:7 0 *G (EI8#J8D li 
0. 5/im£;&.5. 

[0056] TfsfidfcWcfctt & Jg i ©*&©a££n:=fl & 20 

[0 0 5 7] *f, (1 00) mj5&.(Di/VnyV3L;\ 
©M®£^®WlgU jp:$2OO/tm0t/y3>aS5 
l&fEHL (09 (a) ) , aS*>yn>IS«5 ltcBBR 

atwasftatHftrt'Tf 1 1 0 ox:, 4 ^©n^c^yi 

fcifeU ->U3>iS5 l©W®lCjPS 1 #m©S i O 
2 BI4 1 a&lM- 1 b&Tf&S+S (E19 (b) ) . Si 

o 2 H4 1 3^4 1 b^m^y^-yvutbxmmir 

Z>*><DT'2bZ>, 

[0 0 5 8] ft^T*, ±®©S i 0 2 R4 1 a©_BC % 30 
f-f 8CWtaKlC:ffla-f$7* hl/S?* hy\°#-> (EIS* 

iff) ZM&u ?vW8k^v?-y>fmzTS i o 2 R 
4 1 aWSffiSfc^fcxy^^lfefiU FUS;* 
h^*->fcl&5B-f5 (09 (c) ) . 
[0 0 5 9] mz, 7^ , J»a^i/U3>SS5 1 

It. m%l<DZ£<. TK^Kb^U^ATK^M^t K92?> 

^<z)t;i/* y T*x^^>^-rs^, fcsnsicfcsxy 

tte&. Rjmx.lt* (ill) S B B BiS©i7f>^ 

g#*&/jN£V^*b, Xy^i/^OJt^&lC (11 

#lT'teSgffirtK5©i|iIh£5 0 0/im, ;P£t£3 0yiim 

(Ell 0#flg) . 50 
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[0 0 6 0] (1 0 0) I]5fi©5/'J3>SE5 ltCfc 
^T, (111) Et£g®g®T*fc5 (100) SlCtt 
l/t*SSMJ13i±*55 5" ®fl«St)9t$*ot^6fe. 
«>, ilBOcfcotc (10 0) ®^{4©i/yn>S«cfJlc 

£ {cm U ix v * y m<rr?7. w*- y^mt-im 

lC#y££*l5o Ell Olzmt^OlZ, Hfcffig6©±38© 

tld&74 0#m£U 1 7 0 /* m©xy 

tl, (Bh*<5 0 0/im, JP$t#3 0 AtmT&Sigifr* 

5««»e>*i*.. ias©xy^>yT?i±. (i 1 1) mi* 
fr-ffr-f^vf-y? (ryf-tiyh) £*u aio 

IZ W*Ttffi d li^* 9 - >« d 1 J: »J 3g^*£ < 

Ife^ot, V^^-^ipIdl Idu (11 
1) Ml 2 a(0Ty#-1lV hTtm<DftKV'b2 < 
tt*Mifc&£V*0n*, #5£&S0!lT'te 7 3 0 >tm£U _h 
ISCDT^yX'V^-^^CTm^a (no^m) © 
Xy^Jf&fJofe (H9 (d) ) . 

[00 6 1] mz, */V ziyg&5 1 ©TS©S i O2 
R4 1 b<DM->tia:l£l7$. S i O2 R4 1 b©J¥ 
$1*, 09 (b) (DfmX'\*mZ(D&$lZl nm-Qtb-z> 
fejW. El 9 (d) <DT)lfiVmJ5 1 &x.v1-yt>'<DJMlZ 

fev^rti, isi0 2 H4i btiT;i/*y^ic<tyx^ 

moMizn^'Zi*. s i o 2 m^x^^^^i/- htt& 

SJC/hSvxfe*. Si0 2 i4i b©DWWjJ?t*Ff3att 
[0 0 6 2] ^{C, tulBS i0 2 Bt4 1 b. (4 1) ±tC 

ia»«5tcffla-tsji^©7*M/^h^*-> (ej 

SrS-T) 7'>tlsi7f>i r I(:tSi02 
K4 1 b©SffigP^&x^^>i7mSU ^-7>t h ixt; 

©ffilC^LTVN^S i0 2 i4 1 atr£Sm&t& 
(EI9 (e) ) . 0-h©«te>^X@$:ST, 07(3t 

fe« 1 ©»k 1 -tmote ftz. 
[0063] mz. *$mmizt3tt2>m 2 ©««©asg 
xs&ei 1 1 ic^-r. 

[0 0 6 4] if, (10 0)S]5fi©n|Sj/U3>S 

aifiW)l»»BMl*Tf l l 0 0X;icTm3£Wria©JBBMfc 
ffla&JISU 5/'j3>36|g5 2©M®tCS i0 2 R4 2 
a^4 2b^fS (Ell 1 (a) ) . 
[0 0 6 5] &V^T\ ±M©S i O2 R4 2 a_h(C®IS 

2 KDmKizftm-t&y* huifxhw-y (ek^t 

■f) &Jg*»U 7yi^i7f>yii;TSi0 2 i4 
2 a ©SffigP# & x <y ^ > ^5fe U R7*M/^h 

(Ell 1 (b) ) . 
[00 6 6] f^{C, S/'J n>*l£5 2©^ffibfcS i SP 
4 (*;>7^) K-y^^T^o MS^&li^T© 

i: y T'&&„ y n >S® 5 2 &;53£!rcH;:;53l/jvi/ 
4f-(CTB3tU N2 5:^'J7i:btBBr3 S:/^ 



Jfc (8) 

13 

0 oxxzTm&zmsmtff-D s/yn 5 2 

T\ 0 2 *T- Ft? -f ?V > feffV \ tulHEffi Lfc S i BP 
4 3&pl£Ji4 4i:L£: (Ell 1 (c) .) . RpS«4 
4 ttg|7tce»*mS2 1 £ LTmtg-rS&OT'&S, 
BtiiBOBIli (c) igKfcuTtt, i/'Jn>lfi5 2 
©SI©S i O2 2 a&*>*4 2 b WttSWJffllD-** 
<DX\ *m&MT'\mS i 0 2 R4 2 a©HWtiD^© 
JPS&0. 2/cm£l/rvt&i, -eL^tC, p§9®4 4 10 
(mS 2 1) CD^IC*!*}^:?* h bM-> 

0 2 R4 2 a©SffifiP^S:X-;^>^T»*f 5£ (01 

1 (d) ) , H7tCwLfc«S2®l6|g2*^fi!tStW5. 
[0 0 6 7] *^^JCD^>^^i>y h'vy FlCfcWC 
ttU JSift® 5 h®fi 2 1 y ^G0T|iSlju R^f 

h^y K<D>T>^ttffi#l4-h^e>0. 5 Aim 
fcttfcSJiTfcy, Hl©glEl<DS i0 2 DU 1 b® 
JP£ #±IE<Z> U 0 . 3 a mt'feS fefe, HI 1 

(c) ZDgKfcV^TttS i0 2 fg4 2 aOmZtfO. 2 20 
m m •MCT'a -EX T 

[0 0 6 8] RlKDXgtCk U^$*lfe»^lS.t>*2 

ii, s i - s i wmg&mzj: yg^sn, a 8 icjjs* 
tfeyx-fes. 

[0069] *t, i/un >n® i zimtigmtfcm 
frnm&WL doot) jctsh*u ttawfe, mmm. 

lioor, 1 l*HCW»«BlS:tf-5 3g@&£&ttfl[ 30 

[0070] itoxgtc <fc y«f^s*ifc 1 

l+, 0. 5 0 + 0. 0 5 ^m, tSKpK©JP$ti3 0. 0 
±0. 8 Mm£^e>^BK#*FLTV^o £;fte>©>f > 
?^:n>y h^y F&l 00V, 5 kH zT'SH&LfcilZ 
5, ^>?^<Z>ttajii^+8±0. 5m/s, 

(0. 1 + 0. 0 1) X 1 0-6 c c£v>e>*5 

e>*ifc. 40 

[007 1] #|iSgWCfc^TWU BBr 3 

pSM^^«3©^.ci$se>ti-r, «Atf>f*> 

fcAiSek B 2 0 3 &«$^*fC^Ufc^iJ&|£* 

t -r zismmx bmmz P m tim** z. t wet* 

pSWS:?gJ«-rSfeA»C.iAl, Gafl© 
III SS9RfeJ§v**rfct>TS5. i/>Jn>Sl£ 

2 £ pW.g&£ VX. 9M2 1*nmm£-?2>Z£*j-SI 
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y, P, As, SbW^5ci5:F-yitti2 1. 

[0 0 7 2] ^H^WCfe^Tti. S i O2 14 

1 4 21CJ; y =*f ^ y ^gP&^Lfe^ S i - S i 
E^^S©Ma_h, S i 0 2 B&4 l&tf4 2©ift>b 
j^#tffc<T%^ttWT**.&fe«>,- S i 0 2 M4 
1 *fctt4 2©£*>e>*^;££mM^y7;R£:|W!-CD 
f$^U flfcfrCDS i o 2 m$:zfu-tx±X'y vWhX. 

vf-yiffiK* y.BSasu si-si eg^m^ 

[0 0 7 3] *HSSWCfcVNT{±, SrlVfT** 

— LTtf>S i 0 2 Kl*. S i ©7;k*j 'JiJtti<y 

^©Kwy^UTv^^ ^v+y&wz&tmBBt 

iz^mssauKDs i o 2 mzMj&Lx^v?*^- 
y-t-?z>z£*jBimx'&z>. 

[0 0 74] ^^WCfe^Tli, ^^i-y 

hAyKCDftii, ^f'^lio. 

s i mmtmimz 1 . 5# m* -ei*a«K:^-3»ausi 

2. 0 (timT'feS^lC.i, ^-v yzf^— VX&Z S 
[0 0 7 5] (|©£0!|4) 01 2 tt#385§©flS4 

«i; «k s >r > ^ y i v h /\ Kffl<o» 1 (^ms.(D-^m 

[0 0 7 6] *mieMX\-£, Ml 2tC33W^ISKPtg5a) 
6lR2©mS4 6SrJg«U «JSEBWC«fc6>f >^ ^ 

^*G«m2©«S4 6i:H2©»E±C0«1i2 1 (0 

i*, m i i ©Tisicftjfi-r «>*«STf^«a nt~ s 

i O2 i4 1 HSgM3T*^fc^2©S«©±®lC 

macatitzs i o 2 m4 2 tx-mfoztiz. z.<d^x 

*j'P1& < h ^-^O S i 0 2 tgCDfrX'if^ V *m 

[0077] xmmmiz&vzm 1 <Dm^.(D^xm^ 
EH3tc^-r. 

[0 0 7 8] *-f, ni©(10 0)IJti®i/'Ja> 
t7X/N<Z)MM?:^®W®U 2 0 0 fim<DyV n> 
^E5 3fcftti{L (01 3 (a) ) . St/Un>S«5 
3 lcS^0t7K^#H^*T' 1 1 0 Or, 4 B»R<Z)*ft 



• (9) 

©S i02 i4 1 a&tf4 lb *J60tt& (013 
(b) ) . 

[0 0 7 9] TS©S i0 2 i4 1 b©±lC, 

01 2©®i4 6RtfV-m (gaS&tf) O^tCffi 

S i 0 2 R4 1 b ©S ffigp# £ 7 y $E&x <y ^ >< VMIZ 

■T5 (01 3 (c) ) . 
[0 0 8 0] 2/U3>iSIR5 3©^{iJL£S igp 10 

HMWCffV \ P MJI 4 8 Sr^-t 5. - ft p 3W 4 8 tt£ 
2©WI4 6£:LT#te-t3fc©T*&£ (013 

(d) ) . 

[0 0 8 1] ±ffi©S i 0 2 14 1 aOJblC, y 

X;b?L4 , Rtffi^ 6 ^©1^*1^-5 7 * h l/^X h 

tCT S i 0 2 H4 1 aCOSmSP^&Xy^^m^U 
g7*M/^M^->iiSt5 (013 

(e) ) . 20 

[0082] w£<Dx.m&m&m 3 ©»&*: rasac*? 

^r-V^Y 8C0^^Rt«PE5il^2©S«il© 
v^S|SS:Jia«-r*fe«>«>S i 0 2 H4 1 b©A*- 

yinnizfio (0i3 (e) (g) ) . 
[0083] *^6fe^cfev^T=t, mmmz tmmz. 

[0084] ^HJfcWCfeV %T IX. «4r ©igftpfg 5 lC-£ 
tl-ftUE»ffimffi4 6 Sr^bfefctt), I81SIhBSICJ:S 30 
ig»©fl8ift, *&*>1&fiJ3^©^*fc;tratBfcfc 

So 

[0 0 8 5] HJ6W3fcev^TJi,- -0^«St*^H4rfC 
m±L IT^CMSW J: -5 &«gtiM«i** 5 k 

kHzlC|pJ±Lfc„ ^USSWCfe^Tte, #*© 

m*i4 6 tmm&zim-tzfcto&v - KaptrtWN 

[0086] (££0!|5) 01 4lt*3£W<D%i5C)$m 40 
«K«fc&-r>?2>x«)/ b^y K©-§PI^®©3$P£I£[0 

ti07tc^Lfe^0!13i:|eI-©«iiT-*>S*\ Hi© 
S« l t SJ? 2 ©g*g 2 i: £g^r btdSSazjm^ ft&WM 

1 ©Tiiicjf&as tia ztzmmttz. 

[0 0 8 7] 01 5(C44lifiWfC^S»l©aS1g©i! 
[0 0 8 8] tf, (1 00) ISTJ&ro^Un^x,^ 50 
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©M®£$ffi0f&U Jp:$20 0Mm©i/ij3>^5 
4£#§S!L (HI 5 (a) ) , KS/'J 3>*«5 4 KB 
^R^'TK^^H^T* 1 1 OCC, 4 Ijffi3©ffii&f ftfi 
^Un>^K5 4©if5ffi^$ 1 Atm©S i 
0 2 K4 1 a&uU 1 bfc^-tS (01 5 (b) ) . 
[0 0 8 9] ftwrv ±®©S i O2 H4 1 a©±&C, 

yx;i/?L4, ttffi^6^©^icffi^t-S7*hus;x 

h^*-> (0jjW) SrJBfifcU ~J*jWbX-V*y9 
*£{CT S i 0 2 R4 1 a©Sa}gP#&x^:^lfc£ 
U R7tf hUy*K**->&fift#*3 (015 

(c) ) . 

[00 9 0] T;b* U ^(C J: 5 *✓ U 3 XDj^frtt 

©«^i:ra»»cffv\ yx;i/?L4, mame^^v 

tcQu ii>vf>^T'feofeS i 0 2 R4 1 a&tf4 
1 bS:7^^x.y^>^g[lCTfiS?*1-S (01 5 

(d) ) . 

[0 0 9 1]$clC 01 4ICfeW*taWg5i:«S2 1 
^©SP§S:iESt(C^-t-g>fe*b©^Y-/XX^— L 

2/U3>»!R5 4©TBfCJKtft"r* 0 t-f, i/U3>I 
^54 ©TBlCffiUfrlg 5 ©^(Cffi^-t £ -7 * h U 
hA^->5 0^fiKL (01 5 (e) ) , fcvv£, * 
Ay*m&lz&VfrVim&# : 7*Bm4 9i:i'Vay 
««5 4©TStc^«L (01 5 (f ) ) , tk^X\ iy 
'J 5 4 £**8M4Hcim ffilfffi^lfi&iDA 

T7* h^J*hr?*->5 0&B&frt££, 015 

(g) tc^-r^^tc, »K5tc^^ : ts@mi^©sp 

9 3Wg*a*l*. ^•>S8^f5^«W4 9 ©XAy* 
^mWAT©i:fe l JT'*>S 0 T^rty % & —*f--j h t 
t*, 3-x>^*tf^#7 74 0^f9XtfcfflV\ X^-y* 
#HfltS: 8 0 % A r - 2 0 %0 2 , EiJ 5 mTorr i: 
U RFA9-6W/cm2 fePpiDU 0. 
X^M4 9 5:^Lfe, 
[0 0 9 2] 01 4(C^U£ffS2©g«2;&tfSS3©g 

m u >f >^ v y<\y vwm&xz. *-f , m 1 

©S® l i:H3 ©««3 i: (DW^^-a^c^^M 3 tclE L 

mz, % 1 ©ss 1 tm 2 ©a« 2 zmmt&mz 
iyg^-rs. »snc^$nfeigRiiS5^ ^tS2 

lC^3^lfc«®2 1 iKmm&trtt&fiW ^^t> 
S«l tmfol &*y hXU- h±T'3 0 ox; 

5 0V&1 oa-HBttOU BBffij^&ffofe. 

&Mk&ffvt-£z.a. m&m3<Dm&£mmiz&w<ii%} 




[0 0 9 3] #HJ£0lK33^Tte, Jgft®5i;m®2 1 
h <D*c ^ v •7$WBf&<Dt~tb. * ym&krt^ *^BI4 

*rt*&y, mi<Dm$.tm2(Dm&tcDm>miz 

ICfcl^T^ 3 0 O-CICTHIOSSW&IE, £S2©« 

[0 0 9 4] *HJ6«T?fi. fli©^&£:3l2©S£i: 
3 0 0-CT'*T3wi:#T-£3fci?>, J^TicIB-t 
<fce>fc#JS££C6. *-2®aS«U:fc»fi!ta*ifi«flii: 

>Rl^fCj:*%»©^fc<T%K MitfAu^feliAlf 

fflHufeb'KftSjt i o om^'&&£$%&mmmm-v 

[0 0 9 5] (U3S0IJ6) Ell 6ti33Big<Z)!g6(2)3gft 
^Jt: <fc 5 >f > * *>*x y h ^ «y KfflolS l aymS.oy-^m 

%0i 3 i: HO— tf>*fj£T'& 5 . i ©a® 1 

14, p!i/V3>Si5 5(DTMtCnS!S ijf5 6 &x 
W&RS'SfeS'y n>S^5 7 fciETUfct) 

ox-fey, m»ft^ttT;i/*uK&exy^>y (#^c 
[0096] &2mmiz&»zn 1 <ds^<z>s£ii3S£ 

H 1 7 (c^-t. 

[0097] it, pS>© (i o o) jB*ffi©i/';3> 

^x/v£>|3ffi£^®#f0U JfcS 1 7 0 Atm(Di>Ur3> 

S i Jf 5 6 £ 3 0 m(Z)j?$T'Xbfi?dri/^;i/^{Cj: 
UJBrtU S/U3>36S5 7S:»S (Ell 7 (a) ) 

S/U3>»g5 5l4,' B 
fe*RT?*y; *©i8Kt*4 X 1 0l5 cn r3T*&6o £ 
fc, niS i!5 6ttA U K-7"LfctjOt*tJ, -t 
(Oatttt5X 1 0l5cm-3T'$>S„ ±fB©Xtr#.:^>^;i/ 
j&KDSTtt. J* S SiI56 Sr?g«t & ^ £ 

#T*£, S«|Ca3 0/nnJC*fLT»S±0. 2/im© 

[ 0 0 9 8 ] #IC, >»=K 5 7 &R&K&tf 2ti£ft 

#H^Tiiooic, 4 m&wfmiWMzmu ^ 

'J3>ifi5 7©M®H^3 1 (imfflS i02 14 1 a 

s.t>*4 i bzmm-rz mi 7 (b) > , 

[0 0 9 9] fc^X\ ±fflCDS i 0 2 BI4 1 a<£>±lC, 
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YrtZ-y m^ff) &J&*U Tjg©Si0 2 K4 
l b©±{cm^W«JifflP»BPaP5 8lc+@^-f?>7* hU 
V*YX9-y (H5Vfr-f) fcJBfcU yyWSfcx-v* 
^^tCTS i 0 2 BI4 1 a&#4 1 b©&ffi3P#3:X 

mi 7 (c) > . 

[0 10 0] mi 8tC^1-^{C«fcU, JilHL/c 

m^^WM*'l4x»v5 L ^^5:J61- e H18icfcwc, 
10 ngS i]g5 6«:iL S&«8 0 £;ft£ L/C 0. 6V<Z) 

-g-tfKOHTK^M (7 OX:) *{Ci/Ur3>^K5 7?:^ 
m.U Xv*>tf&7?. pS!S/U3>«R5 5®ltffi 

(S i0 2 .JDt4 1 aT*®fo*VC^fcV^|S#) 
lCXy^>**R££S;ftfci;z:5T% nSS>S iI5 6l*.iE 
©ttSlE«BEK <fc »J ^fSttf t a ft* fe«>, x ? > yiiii 
^5H±-f, I©^,ti>yf>Ml7b, HI 7 (d) 

[0 10 1] 9tlr\7*« TB©S i O2 K'4 1 b<£>±lC, 
20 »E5tCffi^-rS^<D-7*hl/^hA-^-> (E 
arttf) &g|ftU 7>v^x^^>^{CTS i 0 2 
14 1 b©SffigP^S:x«v^>^56U »E7*hl/2; 

«5 5®«iSlC«ebTV^fcS i0 2 i4 1 a li^Tl^ 
^-TSi:, HI 6lC;*L£fSl<Dfi®l7!)*7&£an-5 
(HI 7 (e) ) . 

[0 10 2] ±|BeW®lSfCOV\Tli^a6W3®«^ 

l-ooio-f^yiv h^y k<dskpk©^{4, 3 

30 0. 0 + 0. 2 Mmi:^^e)^eH^c^LTfey, JllBO 

xt^dfi/^;i/x^c<tsnMs igs 6(omwmm.tf 

^vh^lOOV, 5kHzT'SglftUfci:Z.-5, 
tRW©ti:UfiS!£tt8±0. 2m/s, -f 
(0. 1 + 0. 0 0 5) X 1 0"6c ci:V^•^)^H^C^ 

[0103] SIKH 7) HI 9l4*5l^©f|7©IUg 

40 K14, WB^ftd tlS^ 2 ©SlS&tfH 3 ©S^tt* 

[0104] ^^SS^J©^ 1 ©g*£ 1 J4. pfflS/'J 3> 
mS.6 l©T®lCni?S i®6 2$rxtr^*i/^;VfiS;fi 

aii:fci/y=i>®K6 3&jin:ufe%»©T*fey, pS!i> 
y =j yw&. 6 1 ©KBiB^ffij* (110) T-feS. (1 
1 0) iffiftttflD&'yai/iHRTl*. jf^JOJ;e>tc (1 1 
1) ®^ (1 10) M<DS«*Mil<2 1 1>^1pJT'S 

iticxfcoTfcy, -r^+j*>T;b*y ^mv^M^ttx 
50 y ^ > «fc y wmm izm vxmm.^mmm. zm&t 
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5Zl£:#T-£5„ #|g«g«TJi. ZL<DZt*m%L. J 

[0 10 5] *ja6W^feW*«l®a^®«B&rSS: 

[0 10 6] 02 0 (a) (d) te, 01 9©C- 
CISWfiiiBItCffiaU 020 (e) fr*> (g) t±, 01 
9©D-D»WfB5HtCffla"r*. t-f. PS® (1 1 
.0) ®^ffi®i/.U3>"?XA©MES:ii®W|gU JPcS 10 
17 0m mfflS/U =i>^6 1 fcfHHU Sr>'J =J>fi 
«6 1©T®^ n§!S iI6 2 £ 3 m mCD/PST-xtf 

(02 0 (a)') o i"J3>lS6 1lt B£ 

K- X b fca&R7»* »J , *V>mmS. 4X10 15cm-3-e3b 
-5. & ngS iI6 2&A1 5: K-^Lfe^COT'S) 
0. *CD«Ktt5Xl 0l4cg-3T»^s. Jif2©n:fc:#3f 

0. 0-5MinCDiaW*^TIBT*<&. 

[0 10 7] &{C, i/U =J>£®6 3 &E*i!*&lfeti!£ft 20 

ww&tpx-i loot, 4 ^©lasSffwjtgi&jeu s/ 

U 3>^&6 3©]^®ICJP$ 1 ^imfflS i O2 K4 1 a 
&tf4 1 b&J&fctS (02 0 (b) ) . 
[0 10 8] #:WC\ _hffi©S i O2 14 1 aCDJttC, 

HUS?^Wt*-> (05^-f) TBOSi 

o 2 i4 1 b®±jc«»««»iaffliap»6 4jcffi^-rft 

^X7f>^lCTS i 0 2 14 1 a&tH 1 b©Sffi 
(02 0 (c) ) o lifcfcBS6©J!aftCffl 

BKo^-^fccDiawiszo. 7 Am, 

RfBi:bTtt7 0. 7 Mmi: U l-f >5^y<zH>* 
^) ilbfe. 

[0109] #c»c, HjfeWe jcfev^Tiabfc*i56i:H— 
©#&T\ S/-U ^yMM 6 3 tC JblB b Tz.mMAt?m5kl5 

£X'*v*y?Zfi$ (02 0 (d) ) . 02 0 (d) 40 
©WTC# 6 ftfe MSP 61*, i"Ja >®fK 6 3 <DS® tC 

[0 110] ft^T. «ft^b*flSR*ttxv*>y©IB 
tC ^PB8*ybfeSi02 14 1 a_hfC/X>M, * 
'J7^^7!i^C|iSt67*M/^>/^-> (0 
arBr-f) £jg«U TB©S i0 2 14 1 b_tti£M£ 

xy^>y«HTS i O2 14 1 aOftffiffi&fcxy?- 

>in»*u 7*M/s;xwc4r->feiB!*-r* (02 

0(e)). 50 



[0 111] #UC 02 0 (d) <DJMtmW>Z. ®& 

tt^Wx v * y 9 tc £ y ass 3 0 m me y x;i/4 

U "7 -f X 7 ima.fi *l* £ T'X <y 7*:fi-5 (0 2 0 
(f ) ) . 

[0 l 1 2] «&IC, i/'J3>HSif*;S7^X«y 
^>y&USStU S i 0 2 14 1 a&t>*4 1 b &fife£ 
b, ftl<Z>£H&l&f«S (02 0 (g) ) . m*>tltzB 
l©*fi±lC^$*lfeI»tai^©itilt, Xy?- 
yy#—tov MCfcy3grFifcfcL5 5 nmt&^tzi)\ 
Vv^tmt bTl*7 0. 7 MmT*&y, 

Gtffi#tt*^^^§*1-&>& ±IB7 ^-*>yh 
[0 113] (ffe6S#|8) 02 1^5fr9§©fl8CDjQg 

wctM^^^x-v v^v Fmo>mi(Dm&.a>-'%M 

6 6 T-feoT, m. F-zfM 6 6 &ffiM<DWSMmtmu 

£w®jm5S:#l't^<&. r;i/*yic«fcss ii-yf> 

*?\z&VZ>x.y?-y>f\s- Mi, K-a*> h#B©m 
Wm. (»5X1 0l9cm-3aii) ©flRWKiSV* 

wm znzmm bk-^u y M7Jttx >v ^ > 

^{Cj;y(ltm^6, >f>?^lfT-f 8£?£f£-r£|& 
IC, B K-XS 6 6 imm LfceATiyf^yu- h 

y, s»pK5, ttHi^eftif&m^RJcfwrs*)© 
[0114] *mmicis»zmi(Dm&<DWgrmz 

02 2 ic^-r. 

[0 115] n§y© (110) ®^©S i <7X 

y\©W®$:^®W^b, 2 0 OjimOi/'J^^H 
6 5 b, KS/ 'J a >»tS 6 5 «f*R0f*jK»» 

EMyfT'l 1 0 0-C, 4 ^©H8«MW0a5:S6U ^'J 
X7>S^6 5©MffifCff$ 1 /tm©S i O2 14 1 aS. 
■0-4 1 b&JgfiM-* (02 2 (a) ) . 

[0 116] ?MvT', TB©S i 0 2 14 1 b©±fCj| 
IMS (BK-7°i) 6 6, -< >^^r^tr-r<8, ®S© 
y- KW (05vitT) ©^tCffi^f -57* h l/i^'X h 
(0^ri±-f) $:^b, S i 0 2 14 1 b©^ 

ffigp# (»k • w ^-f • y - Kawc«a-r 
u m?* v\s*J*ynz-y (022 

(b) ) . 

[0 117] &^T\ 2/'J n>g&6 5©^ffibfcS i 
SP6 7^\©B K-X£f?2. «M7j^t±^M3©^ 
BI«lCfT V ^, B K- XM 6 6 Zm&ir •£> B ©i^g 
i:bTli5x 1 o20 cm -3, ife, K-XS)S$*U'0 




(12) 



/tmfcfc$J:-5fcK--? r *frKT«0I«tfr5 (02 2 
(c) ) . ±IB®J:-5*lBfv^BjRS^>J|[v\K-^ , *JS* 

t>, ^*>^^J:»Jlitfb5B2 O3 £U©*f>rj- 
BN«t:JlV**&ii^#jWS*U*)ft 

[0 118] #CWC, _L®©S i O2 14 1 a©±lC, 

-y (.WHtf) ZMf&U S i0 2 14 1 a©gtajgp 10 
*hl^Xh;>'*->£Bfc£-f£ (02 2 (d) ) . & 

>fc©IBWS:2 0. 

[0119] &ic, 5/U3>aHR6 5©rA-*ujt*tt 

x>y^>^^fe>o xy^^iiLTlX. KOH*» 
& OUE; 2 0S»%, ?aS;Sft8 0S) ftMvvfc. 

> ^ V- h te0 2 3 (o^-f J: 5 IC BIKKiSH&Klb U , 20 
nSSillWHiSl. 5/im/^©xyf>^l/-h 
T»xy^->y*Qtfrrs*^ iWMEBHWTttO. 0 l 

«T*©sawg 5 <dj$.z (mm) itio#. mt-^s t 

^Un>S®6 5CD»f:$2 0 0/tm©e)t)l 9 0 
8^Wf£-r*ltf«f:VV^ IBSlciiS/'J n>S1S6 5 

«ffirti?o«flp^y* (±i^e>2*im) Zm-f St- 
ub. ia»tR5©WSS:*&— JCt6©»iffl!fC»*. 

[0120] #ga6M-ett, JHT©*t*fciyia&«© 30 

Jp:$£x^C^fcLfe&©T&£,, ^'Jn^itS; 1 9 
0/tml7f>mCtt ftHfC«fc y*& 1 2 6#4 0 
fJ©xy^->y*^655l"T?**. *£u 10;im©i# 

y, Ife^ot 2 0 0 /im^i'Vf >yiCH ^ftl 3 
3#2 0j©©l$|H&S1-*. 02 2 (d) ©#J|&0*/y 
n>«SlC ±fBxy^^?mc«fc5xy^>y£-jirft 
Tiftl 3 3#2 O^lTO. ^V=S-yfWmk.. »126 
#4 0$ig»Lfel*j&T*tt. ttffiS©aiJ»T?J«9 1 9 0 
/imCDX'yf>^KjU x-v^>^Tg (E35rtt"f) 40 
l*«tSB F-?M6 6£©#ffii6!& 3o&vn*#B-£© 

*»©tcauTv^s. x»v^>m^aifflA^- 

> 7 1 ©W»Tfera»fC*& 19 0a m<D3iy^>{ftm 
**j6#4 0f^xy*>yjWTfott*#. xy^>£f® 

anstc b f— -?m 6 6 (cm lt v ^> ^&£fci*. mmiz 

1. 5Mm/#©x>y^>yi/-MCTX>y^>£7fiI 

i«;f>^l/- hti^^C^b^O. 01/im 

W*6£SKfflXy^>$nijfHTttB 50 



• f 4#HW 6 - 7 18 8 2 
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k-^mb 6ii«i:A/i?x«!^>$rs;ivj\ 1 om 

U xy^->ys»jStttffiffl/t4r->7 l©ap»Tl4. 11 
<SlCift.l . 5 n m/ftVtiLy^y'f I/- HCTX*^> 
y*QtffU #ft*?Jl 3 3#2 0#©Xy^->?HcTg 
ii7L7 2*W^$tlS. loiB©z:i:<, J/U3>ii6 
5©®PA5^^ftci:iJ^Sii7L7 2A^n5x>!' 
*->*nWHctt. #^©A^y ^y?-yy 

mm.i 3 3^swft©i9jftTjea?L7 2»snfei 

— »m5:fcffi-r£fc£f) JCfcy&ffiU x«y^>y^ 
(02 2 (e) ) . 
[0 12 1] #ac, TB©S i0 2 i4 1 b&HJ60!l3 
.©StefcKBWc «2©|SfR±tcj|^S*i<&m«4:©iai 
RS«r«3£-r*fe«>©^*->Jin:StfV\ *1©IHR1 

[0 12 2] ±IB©lSlCj:y^ritS4xfcaaB«5li. 

i/y n>s®6 5©®rtT?'©s«c/^5f * (± 1 2 

Mm) (Cttfej^i 1 . 10 + 0. 1 ft m(BllT*Mt§ 

y*\z ^ z> %>©"i:jftb*is. 

[0 12 3] *HKW©*SST14, B K-^S©^$© 
Wl£lCj:oTiaB«i©ffS*iay)%36S*X& k 10 M m 

m3 T'lELfcB B r 3 Srffi^^-r^^^*=fejM* L 

y, BBr 3 4fflv^*jfti:ra««:K-^ , J!tS»a«:# 

[0 12 4] *HHMMT*{du »KSP^©B K-^fcH 

T^y. i"*fc^l!86«l4JCfBLfcSaiMgfcra»©«Bt 
T\ ffiig^B K- ^SPtc «fc ^{g^ ©iSi&®lc*ftE^-£Sg 

iitiiRnfi^iswfeft. sa&jaa8s©i^Li: 

[0 12 5] 4^SfiWT?li, i/U3>g^i:LT 

feoT^B K-^tc «k ^>t5KPtS©^m«|SI^lCpjtgT*$) 

So 

[0126] i*xf<D2mM9fr*>mmmi 2tcs3^T 
ti, *»wtc^3wsa!fts©lBfla^^*^s^c■^^^T8¥^B^c 

[0 12 7] (gmmS) 02 4 ti*^©ISW^* 

m>mmMzm-t®mmx\ zLomis^mzms-tzm 

^ISSi:^+©W»E©»i®0T'*>S. *fei2 5ii 
^^«IM©^®0T'fe«»o ^^SS^JT'tt^ 1 ©S/'J n 
>SS1 fc»2©*93Sfctf5*S«2fc©»|HS£# 



(13) 
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^^24 



6- 7 18 8 2 



[pi2 8] jgmmizisttzmmm i 1 o&, «as 
1 1 3©^5^«tcsa«sn6iiMaRte^«flHgi 1 1 

iSH2fc, 3&(cfiBStHI&&WiiKl l lfr&'t* 
1 1 4 fe^LT^ffl$-arfeSS^«l 1 5 'Sr^-tSflWtfc 
feoT^S. f Ut. B§ffiW®£®S£ 1 1 1£I*«M 
^Sfetg 1 1 2 i*, ^ffiO^tfSvi&Ttf 5 B^T'SH 
«©*BlC&*y3f£:i6l/tV>S. 4KHK1 1 5 

2 1 1 u n >s« i zmmmztz, t=.#>w,-cmm 10 

T*J»S*VO^. ^©S^l l 5tt*fc^*l 14 

l l 4 icfcy«ffi2 l lzML^%&fflEE.ji*®&ir 
5. fcfc, tffftfl 1 5«®H2 l©$g-?-gP2 3fCg$$! 

[0 12 9] S/Ur2>3StRl ttv->»5xa«2 

mS2 1 SrfiMl^to^U 024, 02 5©J:3K-fe<y 

h-rs. «S2 1 1, moil 

©BMbS:l»<fe«>Sfflft^»Hi!yfJC«<. RUSTIC 20 
fefeoTte, *-ffi3£tRi, 2«rifl»1-*#. *9&g 

ft, 3 0 0TC*T**t2 0^*W#fifS. &V*T*, « 
Ml 1 3 fcj: »J 5 0 0 V®«ffiS:#Sr2 0#R8PRillU M 
St51, 2*m£-?2>* *^*7^fflg2 
#©N a >f ;*>©#»£ J: UWfcffifEft&tf. &&%~J 

^7^, M»K 1,2 ©»£#*©££ J: SfS*ftin& 

[0 13 0] 3©<fce>lC&-&B#, S»?*l 1 53ttfc** 30 
1 1 4lCfcy««2 1 £©m&^&fc<i*« 

mm 5 ia»c^«aE*wx6 - 1 < . 1121^ 

*DT», *©JSiZZ«:IH}feLfefc©SIMg5K:# 

*£, ilfe^m2 4i±SfiFE 

5 & (D^moMmz j: y u nm-^xxtmm 5 
©*i^ic»«si*&g^9!iiirr6*«, *&2 1 twsm 

[0131] (mm 10) 026 \z*mm<£>mm& 
■fi&oMftmtfcM &avt«KeiT, i©s^**6tc«ffl 

**S^«fciS£*©iM^©»TSHTS>*. 02 7 
*>>!bfc-&«dF-l 1 6£M^TM*©®fI2 1 K-«v?ft 

mta^nm.t l^©-?^,, ^nwommsm 2 

4 5S-7-1 1 6©ta*W*£i$©a5S«cif 

SWT'S USg^LT ^60 iffftsus#w*ffi© 



1 1 6©^€^if(cj:s®i2 1 noymmx&zwjitx 
[0132] gbsm 1) 02 8te2<t>\zm<Dmm 

H«£i£fi©¥ffi0T\ 0 2 9 telg 2 (DWffi-t 

02 9xn;miE©3®^tt#ii&$m:^£. 

ltt©*tfj£8btf5:*iS«2AJ:JC. ttfttt (jfe&fefllT* 
l±2*H) ©-< >*S?xy Y^v KJB©&S©«ffi2 I t 

&*B©«*©«ii2 1 &g^-rs^yi©s®i 2 ofc.n 

B#lCJ&£Lfc : b©T-&S. ftii®ffil 2 0»*ftifflffl±T 

©«®2 i©ssmB2 3i:ssBirt*y-K»i 2 1 a, 

121bfe«t5. Zl©*?3i$btf5;a.g«2A 

jcs^sn*itk©2/'j3>afi« (be**?) ic%02 
4 , in 2 6 1 mrnomj&zft-zwmvmm ox*- 

fc&.mzmmizfiax.2tiz>. -eur, g^^, H26i: 

l^»©=i>f;w^*»&at<&HH©fl&?-i 1 6&z.(DPm 

1S120 ^{rag-^wts 1 1 1 

$-&TV%S 0 Lfctfot. #^©^T©m®2 1 t#jffl 
©±T©JSKpKt$:^mffitc-rsziii*^S, ±&B£ffi 

l*^^iimSl 2 0 £-?-©>;- Kgpi 2 1 a, 121 
b©gg«fll»CT«yiltt. 

[0 13 3] (HS6«li 2) 03 oiise>icfa©^8609 
lC^^I»1l^^M©Wffi0T'*.S„ 3«c 
©SSI, 2, 3?:|l^C|^^^-rs«l;e>tCLfct>© 

r-fes. ^©^*>«i©»igittS/y3>i£RT*y, 

^3©S«2, 3ti^^^@e^XS«T'fe^„ 
7, -O^^f^tr^^ 8©^i:LT©tSSU*c©T', 

mmx? x»g(cit^T{sv ^#^lST•+^T'fe y v - 
^^^©ggiT*%+^-e$>s*«, H3 ©»K3 

[0 13 4] -5-3T\ *«^JX'li, ^2, m3©^t? 
3»#:7^S®2. 3 ii^M$it^±T©^«^ 1 
11, 11 2$:ttffil 1 3©V-T^WCg^U 1 
O^'Jn^lfil ^2ffitvfM7^S®2±©l 

#2 1 t&nMi 1 3 ©^xfflutc^LTrateFfc^fli 

«1, 2, 3 ©JfflBW>»J^lCS|-r6l»iat;fl9*Tf*. Si 

^Wrnt^BcJfilire***:*:'^ buI3IIJS^J9^vn 
LUife^J 1 1 ©«fcolC2/U n 1 ©^M§: J:gp^^- 
«t&El 1 1 t<D\Mimmz&&mitsiZ-fr%*jV5<*Z. 




(14) 



[0135] OT<z>iafe#ii sRifmmmi ik&^t 

b'<DW&T**j± < m— (Dfflkt 1 2> Z. £ frT'g £ *>©T* 

[0136] dugMi 3) 031 ittmmmiz&z>& 

t^7?fai- # ©E0T®& 03 2 &-?-©sp®0T*& 

©t% ^-v >y -m 1 6 «©^^5g u m&wmiz 

£t$,£T-l±^-v y T^P l 6 rt©JE±i^^JEJWT 

&wM.<Dimiz£ vmt&zw3\u wmimnm 2 

[0 13 7] ^Z\X\ *$mWT*& ^-VyT^Pl 6 £ 20 
®g&i 8%ftl,Xi<mzMtt£-£Z>££ : blz. mM&i 
8 03}P19a, 19b&, mM&iS'&WBL 1 . 2#S 
iSKTtfo £E$j&T*)teK©^ i/^O^ih^J 5: 

J§^TtiitLT^.So 0*, 2 0#^©:>-;i/gPMS:^ 
LT^S. 2 3 l$mM2 1 ©2sM, 4 1 1 IC7£ 

jsufd^gT'&s sio 2 E 102 imwmm. 1 
o Gimmm^i o 2©-#©a^&»igi icg^-rs 

2 l©Jiffl£^£J:e>lC|Stte>;ftT^£o 
[ 0 1 3 8 ] 1 &*?t$1-£ i> U 3 30 

SP1 6ft<D&t)jm<te2>z£i*te<, 2/-;bgp 
^2 0 tiiffig;^ ^#>. ilSS 1 8 ft lC^*l&tf Zl £ it 

[0139] Lfe^ot, xm&Mvmmz&zt. p§ 

Sg^li^ y ^SiJ 1 6 #ag& 1 8 inftLX*^\ZM 

m lx v t-&. WtW8&®fV>b\mz & y =^ y 1 

6|%Dj±;t;±#£££53i:#fc<. ££Eg®&£&© 
m?£{£T^CSVNT«S/-;USPM2 0{Cj:Ui®?&l 8© 
ffln££titLT^S©T% ^ ; y^SPl eft^ffiigtfff 40 
A?Z>Z\ttfte<. ±8B©£e>&^itrS:££&^o 

[0140] (^m 14) 033 im<Dmm®nz&z> 
Bm&Tti-^-tomwmx&z. *$mmx& 

ffigm5(0Tmz9M2 1 Httlfi£M:T'm2(DmM4 6 
fcigttfet^T'&So mM2(Dmffi4 6liCr tfcteA 

£ LTWM?Z>tL&), ttfa9M21. 4 6\ZV&Z>WJ±. 
*1MXZ>£, Wffi<D3m ■ WMzX^>n^mM2 i £ 4 

6facomKVc lis ?c@t# 

Vc =V (1-exp (-t/T) ) 50 



• mm- 6 - 7 18 8 2 
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Vc =Ve x p (-t/T) 
fcjSU' T-:BSft» 

i:, Vc ©ft*>±#£^tf^<&sz:£#fcfr.s. f$ 

i/Vay<Dimte±mizifr<Tm^f-it>. TK&M 
m?Z\Z\m&m.OM\^C r itkliA u3HBI©ttI4 6 

*.wms\zBj&u ®fjm>*i : \-fz>z\£\z&vr>;3- 

[0141] (Jgttpy 15) 034 ti*|g^c7)$ e>icfifi 

***6wi4. (D-fUizjm.'t & *j ?g *m 
m!mm*tz.\*wmm 200 <z>wj*T*mk-tz> 3 a 

t L/2=bc7>T-3D&o i-^to*>, H2c7>»g2c7)«^2 1 

-~y>fu z<Dm2comffi.2 tmi zf&vs 
£hxv- fif^xzma u -trc^^tt^M 2 tm 

^2c7>mH2 1 (Djgia»Cjf:$ 1 Mmt'W!^ 

z--yvirz>z-£\z£.>). mtf&m&mz oozmm 
l m 1 c7>»^ 1 itmm 2 1 mmiz */vay 
mHD-mzsmwizu z&mRi t±M<omm2* 

2 5 0TCT'^^-h^-a-Ufe„ IfetfoT, 

Z&mLt^ -trc7>flE£tel. lOOtt'S 
«1 t«K2£55*-hg^Lf::. 3(Z)^, ^ >y 
^SGlil. 9 Mm§i£fcoT^.&„ ^«^J©^lia 

#«f, us 1 £31* 2 ?:*pffi L*wn«ft ^©-e, 

[0 14 2] 3©«ke>«.^«y^«^SlC«J:oT%»m 

>v b^y w*$mM2 £mmm<Dmms.xmm^mx 

[0 14 3] ^frS^fBlilUTti, ±IB©*tU-f 

[0 14 4] 

W<©SW SJiHfc-r * i: TIB© tSUT*^„ 
[0145] (1) ifaWSfciWiMO^-W^fiSrO. 
0 5/tmRi:, 2. 0 fimVXT £?Z>Z£lZ£ y, 
i'i?!*; h's*; KffllS«EiafcHI6Cfty. fro, £ 

(2) ±K*-vy^*tt, ^«M©IH]gp, mM^«« 




©IHgp, Si02 K%l/<tt*tf3»*:tf5;M*R. ® 
iiSlCS i 0 2 Ka^tt#*3S^#5*?lttfc-**£4: 

(3) »KicH2©m®S:^-rsz:i:ic«fcy, Sift 

(4) mm^^t^M2<mmz (no 

*®{C*f LSBttCfc S <Z>T?-f > * S^x ? h "\ >y K©/J^ 

(5) «i®a^^«2©isffi&ii«aE^tsiS{»c, ss 

(6) »R^«Mra<Z)Jr-V^7 P apiC^gp{Ciil5-g>ilg& 

[0ffi©is#fcS£H£) 

[0 1 3 *«W©>f >?fif^y K©* l ©IQ605 

[03 3 Hl©A-Ai(tft«HT?*6. 

[El 4 ) #?SBJi(ZM > * 7hM K©» 2 CD^Sfe^J 
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